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The chemical fitness of water used in so me broiler farms in Behera and Kafr El sheikh Provinces was assessed and effects of some of the detected chemical pollutants on the body weight and the immune response of broiler chicken to so me vaccines including New castle disease (ND) and infectious bursal disease (IBD) vaccines were studied. A total of 100 water samples were co llected including; 71 water samples fro m chicken farms (44 samp les fro m underground water and 27 fro m tap water) and 29 water samples were collected fro m streams and canals located at the same areas of chicken farms. Chemical examination was performed at The Central Laboratory, Faculty of Agriculture, Kafr El Sheikh Un iversity to determine the levels of lead, iron, copper, zinc, manganese, cadmiu m and cobalt. The obtained results revealed detection of lead, copper, iron, zinc, manganese in some of the examined sample and their maximu m concentration were 0.23, 0.67, 2.15, 7.75, 2.99 mg/l, respectively while cadmiu m and cobalt could not be detected in all samples. The effects of the detected chemical pollutants on the body weight and the immune response of broiler chicken to so me vaccines were evaluated. 195 one day old broiler chicks were randomly selected and divided in to 6 groups (each group contains two sub groups; each sub group contains 15 chicks), that were received water with selected chemical pollutants including lead, iron, copper, zinc and manganese and one group containing 15 ch icks was reared as a control group that received distilled water. All the experimental groups was vaccinated against ND and IBD then the antibody titers of ND and IBD vaccines was measured by the Heamagglutination Inhibit ion Test (HI test) and En zy me linked Immunosorbent Assay (ELISA), respectively. The obtained results revealed that the group of chicks received water containing the low and high levels of lead showed a significant decrease in antibody titer when co mpared with control g roup. Also, the group received treated water with high level of copper showed a significant decrease in the antibody titer of ND at days 21 and 28 when co mpared with control group. Results of ELISA showed a significant decrease in antibody titer of IBD at day 21 in the group received water containing the high dose of copper. By co mparing the final body weight of all groups, it was observed that there was a significant decrease in the body weight of groups received high level of lead and high level of all po llutants together. On the other hand, there was a significant increase in the body weight of the group received high level of zinc. Finally, it was concluded that lead and copper had an adverse effect on the immune response of broiler chicken and their body weight so periodical examination of water for presence of chemical pollutant especially heavy metals is suggested.
INTRODUCTION
Water is one of the essentials that supports all forms of plant and animal life (Vanloon and Duffy, 2005) and it is generally obtained from two principal natural sources; surface water such as fresh water lakes, rivers, streams and ground water such as borehole water and well water (McMurry and Fay, 2004) .Water has unique chemical properties due to its polarity and hydrogen bonds which means it is able to dissolve, absorb, adsorb or suspend many different compounds (WHO, 2007) , thus, in nature, water is not pure as it acquires contaminants from its surrounding and those arising from humans and animals as well as other biological activities (Mendie, 2005) and between the wide diversity of contaminants affecting water resources, heavy metals receive particular concern considering their strong toxicity even at low concentrations (Marcovecchio et al., 2007) . Heavy metals are environmentally stable and nonbiodegradable, toxic to the living beings and tend to accumulate in plants and animals causing chronic adverse effects on human health. Heavy metals are introduced to the environment through a variety of sources such as domestic and industrial effluents (Akar and Tunali, 2005) and weathering of minerals and soil and atmospheric deposition (Demir et al., 2005) .
Heavy metals are priority toxic pollutants that severely limit the beneficial use of water for domestic and industrial application. Birds consumes from 1.5 to 2 times water as much as they consume feed (Kellems and Church, 2002) . Increasing levels of drinking water contaminants in the presence of low levels of vitamins and minerals in the diet results in a suppression of natural, humeral and cell mediated immune response (Vodela et al., 1997) . There has been increasing interest in the effect of environmental contaminants on immune function in recent years. A number of compounds of environmental concern have now been shown to produce immunosuppression or reduce host resistance to infectious agents.
Vaccination is the most important method for disease prevention and control. Drinking water is one of the most important routes for administration of poultry vaccines as it is economical and save labor and time but during the past years, the main complaints of poultry producers were they vaccinate their flocks against Newcastle disease and Infectious bursal disease and still have some problems from those two diseases; the reason may be Water quality which may have an adverse effect on the efficiency of poultry vaccines especially modified live virus vaccines, as the water pollutants at certain levels may decrease the viability of the viruses (Abu Zaid 1988) . So the aims of the current study were to evaluate the chemical fitness of water used in some broiler farms in Behera and Kafr El sheikh Provinces then study the effects of some of the detected chemical pollutants on the body weight and the immune response of broiler chicken to some vaccines used during rearing of broiler chicken including New castle disease (ND) and infectious bursal disease (IBD) vaccines
MATERIALS AND METHODS
The current study was carried out in 55 broiler poultry farms (capacity is ranged from 2000 to 8500 birds) located in Behera and Kafr El sheikh Provinces during the period extended from December 2014 to September 2015. To achieve the aims of the work, the current study was divided in to 2 parts: Part (I): Chemical examination of water used in some broiler farms in Behera and Kafr El sheikh Provinces Part (II): Study the effect of some of the detected chemical pollutants on the body weight and the immune response of broiler chicken to some poultry vaccines.
Part (I):Collection of water samples:
A total of 100 water samples were collected including; 71 water samples from chicken farms (44 samples from underground water and 27 from tap water) and 29 water samples were collected from streams and canals located at the same areas of chicken farms. Ground water refers to water of driven and artesian wells with depth ranged between 16 and 36 meters in agricultural lands and reaches 116 meters in desert areas. Presence of bricks factories and disposal canals either of agriculture or sewage were observed near and around poultry farms. Water samples were collected in clean, dry 250 ml polyethylene bottles then labeled and few drops of nitric acid were added to each sample to keep the metals in suspension then transported in an ice box as soon as possible to the laboratory where they were kept in the refrigerator at less than 5 ᵒC till chemical examination (Goan et al., 1992) .
Chemical analysis of water samples:
It was performed at The Central Laboratory, Faculty of Agriculture, Kafr El Sheikh University to determine the levels of Lead, Iron, Copper, Zinc, Manganese, Cadmium, Cobalt by using standard methods of American Public Health Association (APHA), (1998) by Atomic Absorptions Spectrophotometer (Perkin Elmer-403).
Part (II):
To study the effect of some detected chemical pollutants on body weight and the immune response of broiler chicken to some poultry vaccines used during rearing, the following experiment was designed.
Selection of chemical pollutants:
Based on the results of the chemical analysis of the collected water samples previously mention in part (1), 5 chemical water pollutants were selected including Lead, Copper, Iron, Zinc and Manganese to study their effect on the immune response and body weight of broiler chicken.
Preparation of water used for drinking of chicken during the experiment:
Stock solution was prepared for each pollutant using the following equation:
M olecular weight of the salt (g) × Required concentration of the element (g) 1000 ppm of the element = M olecular weight of the element (g)
The aqueous stock solution was prepared by dissolving 3.66 g Lead acetate, 6.15 g Cupper sulfate, 6.71 Ferric sulfate, 6 g Zinc sulfate and 4.47 g Manganese oxide, in two liters of distilled water for each salt to obtain 1000 mg concentration of lead, cupper, iron, zinc and manganese, respectively.
The resulting aqueous stock solution was aliquoted into amber-colored bottles 2000 ml with Teflon lined screw caps for storage at 5 •C then the stock solutions were analyzed to make sure that the required concentrations were achieved.
Rearing chicken:
It was performed at the Faculty of Veterinary Medicine, Alexandria University. A total of 195 one day old chicks were obtained from El-Watania Company, Cairo. Chicks were raised from day one till 5 weeks of age on deep litter with stocking density of 10 birds/m, electrical heaters were used to maintain house temperature at 35 •C during the first week of age, and then the temperature was decreased gradually by 3 •C each week until it reached 24 •C and fixed till the end of rearing period. Artificial lighting was provided constantly during the experimental period, whereas chicks were kept under 23 hours light and 1 hour darkness. Water and feed were provided ad libitum during the 5 weeks, and the chicks received balanced formulated ration.
Experimental groups:
Chicks were randomly divided in to 6 groups (each group contains two sub groups; each sub group contains 15 chicks), that were received water with certain selected chemical pollutant and one group containing 15 chicks was reared as a control group that received distilled water.
The description of experimental groups was tabulated in Table (1).  Effect of water pollutants on the immune response of poultry to IBD virus vaccine: -Vaccination of broiler chicks: Chicks were vaccinated against Gumboro (Infectious Bursal Disease, IBD) by using of (sphereon® GUMBORO 228 E, Intervet) at 14th days of age. Virus vaccines were diluted in sterile solvent (SOLVENS OCULO/NASAL, Intervet), and chicks were vaccinated intraoculary.
-Measuring the immune response: The humeral immune response (antibodies titre) to IBD virus vaccines was evaluated by measuring serum Abs by using ELISA at 21th and 28th of age.
-Measuring the antibodies titre by using ELISA: It was carried out by using IBD virus antibody kit (SYNBIOTICS) at Animal Health Research Institute (AHRI), Dokki, Cairo. 
RESULTS

Discussion
The broad topic of water quality and poultry production is of concern to poultry farmers, researchers, federal and state agencies, environmentalists, and consumers. Many researchers are interested in how water quality affects the overall performance of poultry. Lead is a ubiquitous pollutant in the industrial environment, which poses serious threats to human health. In the past 20 years increasing attention has been paid to the effects of lead exposure on health. This toxic metal alters the immune response of animals as well as humans.
The tabulated data in Table ( 2) showed the results of the chemical examination of water samples for presence of lead. It was found that 36.36 % of the examined ground water samples were found to be unfit from the hygienic point of view according to the level recommended by WHO as their content of lead exceeded the permissible limit (0.01 mg/l) and the maximum recorded level of lead was 0.23 mg/l. On contrary, lead could not be detected in the examined water samples collected from surface and tap water. The recorded result of lead detection in ground water samples was found in agreement with those recorded by Hassan (1998) , Yousef and Haleem (1999) , Momodu and Anyakora (2010) , Oyeku and Eludoyin (2010) , Orebiyi et al. (2010) , Kanmani and Gandhimathi (2013) and Tukura et al. (2014) . Lead is an important environmental pollutant which exerts the adverse effect in animals, birds and man ranging from overt clinical signs referable to nervous, gastrointestinal and hematopoietic system to subtle effects such as immune dysfunction and oxidative damage (Radostits et al, 2003) . Copper is known to elicit a number of immunomodulatory effects ultimately leading to an enhanced susceptibility to microbial agents and to the appearance of neoplastic diseases and autoimmune phenomena. The recorded data in Table (3) showed the results of the chemical examination of water samples for presence of copper. It was found that 18.19, 20.69 and 0.0 % of the examined ground, surface and tap water samples respectively were found to be unfit from the hygienic point of view according to the level recommended by WHO as their content of copper exceeded the permissible limit (0.05 mg/l) and the maximum recorded level of copper was 0.67 mg/l. The recorded result of copper detection was found agreement with those recorded by Yousef and Haleem (1999) , Taha et al. (2004) , Kanmani and Gandhimathi (2013) and Aga and Brhane (2014) . The recorded data in Table (4) showed the results of the chemical examination of water samples for presence of iron. It was found that 36.37, 55.17 and 29.63 % of the examined ground, surface and tap water samples respectively were found to be unfit from the hygienic point of view according to the level recommended by WHO as their content of iron exceeded the permissible limit (0.1 mg/l) and the maximum recorded level of Iron was 2.15 mg/l. The recorded result of iron detection was found in agreement with those recorded by Akoto et al. (2008) , Bhaskar et al. (2009) and Tukura et al. (2014) . Zinc plays important roles in the development and proper functioning of the immune system Deficiencies in zinc can lead to decreased immune function, as demonstrated by reduced T cell function, lower antibody titers and other deficits. The recorded data in Table (5) showed the results of the chemical examination of water samples for presence of zinc. It was found that 38.64% of the examined ground water samples were found to be unfit from the hygienic point of view according to the level recommended by WHO as their content of zinc exceeded the permissible limit (5 mg/l) and the maximum recorded level of lead was 7.75 mg/l. On contrary, zinc could not be detected in the examined water samples collected from surface and tap water. The recorded result of Zinc detection in ground water samples was found in agreement with those recorded by Demirak et al. (2006) , Ochieng et al. (2007) and Gupta et al. (2009) . Manganese has been identified as an important element in supporting normal immune functions in broiler chickens (Kidd, 2004) , as it interacts with neutrophils and macrophages through plasma membrane cells that are involved in immune response (Hurley and Keen, 1987) . In recent times, Manganese has become an element of increasing concern because of extremely rapid growth of broiler chickens, which exerts additional stress on the skeletal structure. The recorded data in Table  ( 6) showed the results of the chemical examination of water samples for presence of manganese. It was found that 29.55, 31.03 and 0.0 % of the examined ground, surface and tap water samples respectively were found to be unfit from the hygienic point of view according to the level recommended by WHO as their content of manganese exceeded the permissible limit (0.05 mg/l) and the maximum recorded level of manganese was 2.99 mg/l. The recorded result of manganese detection was found agreement with those recorded by Aga and Brhane (2014) . Chisquare value showed that there was a significance variance 24.24% (P<0.0001), 6.17% (P<0.05), 12.26% (P<0.01), 26.06% (P<0.0001) and 10.45% (P<0.01) in the hygienic fitness of lead, copper, iron, zinc and manganese between different water sources giving an indication about the fitness of tap water comparable with ground and surface water that was in harmony with that obtained by Hassan (1998) and Soltan (1999) .
The effects of water pollutants on the immune response against ND virus vaccines were illustrated in Table (7) . It was observed that the antibody titers of ND in the group received water containing the high level of lead (2.3 mg/l) were 102.7 ± 100.58 at day 14 and 103.33 ± 100.33 at day 28, while the antibody titer in the group received water containing the low level of lead was 103.66 ± 100.58 at day 28. The statistical analysis of the obtained result clarified that the recorded titers were significantly decreased when compared with the control group. In addition, the group received copper in high level (6.7 mg/l) showed a significant decrease in the antibody titer at day 21(102 ± 100.58) and day 28 (103.33 ±100.33) when compared with the control group. The obtained results gave an indication that lead and copper had an adverse effect on the immune response of broiler chicken to ND vaccines. These results agreed with the results of Grasman and Scanlon (1995), Youssef et al., (1996 ), Hassan, (1998 and Brahmankar et al., (2011) . On contrary, the group received water containing low dose of zinc showed a significant increase in antibody titer (105.67 ±100.33) when compared with the control group. This result gave an indication that zinc could improve the immune response of broiler chicken to ND vaccines that was in agreement with the results of Kidd et al., (1993) and Lastra et al., (1997) .
The effects of water pollutants on the immune response against IBD virus vaccines were illustrated in Table (8) . It was observed that there was a significant decrease in the antibody titer in the group received lead by high dose at day 21 and day 28 (361±29.91) and (350±26.46), respectively when compared with the control group. Also, there was a significant decrease in the antibody titer in the group received water containing high dose of copper as compared with the control group that was in agreement with the results of Hassan (1998), Mishra et al., (2003) and Brahmankar et al., (2011) . Moreover, it was noticed that there was a significant increase in the antibody titer to IB virus vaccine in the group received water containing low dose of zinc at day 28 when compared with the control group.
Statistical analysis of the effects of water pollutants on the body weight of broiler chicken under the experiment was tabulated in Table (9). They revealed that the group received water containing the high level of lead showed a significant decrease in the body weight at the age of 7, 21, and 28 days when compared with the body weight of the control group at the same age and the group received water containing high level of copper showed a significant decrease in the body weight at the age of 14 days when compared with the control group. Moreover, there was a significant decrease in the body weight of the groups received the high level of lead and the high levels of all the pollutant collectively when compared with the control group that was in agreement with the results obtained by Ernst (1989) , Pimentel et al., (1991) , Nasser et al., (1998) , Hassan (1998) , Mohanna and Nys (1999) , Rahman and Joshi (2009) .On contrary, it was observed that the body weight in all groups showed a significant increase in body weight of chicks at the age of 28 days in the group received water containing the high level of Zinc (1720.0±9.35) when compared with control group (1650.0±27.99). This result agreed with the results obtained by Hegazy and Adachi (2000) . Based on the obtained results in the current study, it was clear that lead and copper had an adverse effect on the immune response of broiler chicken and their body weight so periodical examination of water for presence of chemical pollutant especially heavy metals is suggested to avoid the risk of increase susceptibility to infectious diseases and also avoid their adverse impact on production.
